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ABSTRACT 

A study on the applicability of Ryder's 1968 
prototheory of instructional efficiency to a complex problem*solving 
situation was made, using 120 sixth grade students of three 
geographically separated Peniisylvania schools in 1972* Four task 
groups, 30 subjects (Ss) each, were formed by randomly assigning four 
task arrangements to Ss in answering a genetics problem* The task 
varied in number of informati<xi items (hints) presented, either four 
or eight, and amount of **learning stanicture" used,, The structure v^s 
made different by instructing ss to read either in an arbitrary order 
or mandatory order. .To reduce errors, a researcber^constructed 
machine was used to present the problem and hints and record 
students* responses and verbal oxfressions. . Tira revised efficiency 
formulas, respectively equivalent to Snyder* s two original formulas, 
were introduced* Data about the four groups were analyzed to compare 
the revised and original formulas, and pooled results were used to 
study students* performance* The revised formula was proi^d 
equivalent to Snyder's expression for transaction mean needed by a 
teacher* student dyad to solve a problem* . Both hint and l^rnlng 
structure had no effect on Ss performance* Extension of the present 
study was recoounended* (CC) 
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SYTJOPSIS 

This research investigated the applicability of 
Snyder's 1968 prototheory of instructional efficiency to 
a genetics problem-solving situation- Revised instruc- 
tional efficiency formulas were compared to Snyder's 
1968 formulas. Three sub-problems explored the effects 
of the number of information items on the instructional 
situation. 

An important result of this research was the sug- 
gested equivalence of the formula, = tj/sj, to Snyder's 
formula, S = t/s = 1. This finding opens new avenues of 
research and supports the notion that Snyder's 1968 proto- 
theory may be applied to formal problem- solving situations • 

The results of the subproblems indicated the var- 
iables, '^learning structure*' and the number of informa- . 
tion items, had no effect on the performance of the one 
hundred twenty sixth-grade subjects. 

The use of a researcher-constructed testing-record- 
ing machine aided this research by reducing teacher- 
researcher bias and error, and enabling the dissection of 
the dyad for analysis. 



introduction 

The nurr»ose of this research was to investigate the 
ai^plicability of Snyder's 1960 prototheory of instruction- 
al efficiency to a coniilex problem- solving situation. 
Snyder's 1960 prototheorj' predicts optiiimm information 
exchange betv/een a teacher and a student engaged in an 
instructional situation. The prediction is based on ef- 
ficiency computed in terms of mean nuiaber of transactions 
and mean number of trials needed by the teacher- stuclent 
dyad to ->erform a task. In order to a^ply Snyder's 1968 
prototheory to a problem- solving situation, Snyder's 
ratios \jhich define instructional efficiency were re- 
vised. The formulas i>roppsed by Snyder w^rg based on the 
nutaber of teacher-learner transactions and the number of 
stages vfithin a problem- solving situation. The revised 
ratios \^ere intended to measure efficiency in ter.as of 
the number of information items included in an instruc- 
tional situation. 

In addition to the main problem, three subprobleras 
were investigated. -'Subproblem One ' investigated the 
effects on instructional efficiency of the auount of in- 
formation presented during the task. "Subproblam T^^ro ' ^ 
investigated the effects of 'learning structure' in pre- 
senting information. The effects of the amount of infor- 
mation and 'learning structure • were tested by placing 
subjects in a problem-solving situation in vdiich the 
variables of 'information available- and 'learning struc- 



ture-' (Gagne, 1965) were controlled. ''Subproblem Three-' 
investigated the validity of predicting the most effi- 
cient group. The efficiency value computed for the group 
predicted to be the most efficient vas cdapared to the 
efficiencies confuted for each of the three remaini^ 
task grour^s. 

Procedures 
Radefinition of Snyder »s 1968 n.atips 

According to Snj'^der's 1963 prototheory, an efficient 
problem- solving situation is one which requires the least 
number of exchanges of information between the tutor and 
learner and the least number of trials to solve the prob- 
lem. The efficiency vrLth ^ich the learner and teacher 
exchange inforaation is described by Snyder. (1968) as 
s = t/s = 1 \Aiere a is the mean number of transactions 
needed to solve each stage. The symbol '-t is the number 
of transactions. The symbol "S" is the number of stages 
needed to solve the problem. 

S&nce the value of s is not always laiowr., s taljes on 
an arbitrary nature depenrling upon the valu&' a teacher 
assigns to s, the number of stages needed tA solve a ;:rob- 

lem. /Iso, the e3cnj?ession, k = t/s « 1, does not describe 

r 

the efficiency with which a student identifies the stages. 
Therefore, in order to obtain a more stable measure of ef- 
ficiency, Snyder (1968) defines efficiency as § = S/T = 1 
where S is the mean number of trials penaitted to achieve 



one successful response. The symbol 'S' is the number 
of trials permitted. The symbol "T" is the number of 
successful trials. 

The elimination of an arbitrary s may introduce 
stability. However, the statement S = S/T = 1 says 
nothing about the efficiency of the messages exchanged. 
Snyder's statement implies the assumptions that all of 
the transactions are qualitatively equal and "ttiat a cor- 
rect response can occur in one stage involving one trans- 
action. This may be true in a simple stimulus-response 
situation, but the question arises as to vitietkier this 
will hold in a more complex problem- solving situation. 

On the assumption that complex problem-solvii^ be- 
havior may involve more thsoi one stage and the solution 
to the problem may depend on the amount of information 
exchanged in a transaction between tutor and learner, the 
redefinition of s = t/s =1 and S = S/T = 1 were effected; 

The symbol "S'' v^ich was the number of stages, was 
redefined as Sj, ^rfiich is the number of information items 
(hints) available in a problem. The symbol ='t", vdiich 
v;as the number of transactions, is redefined as tj, which 
is the number of information items (hints) referred to 
by the subject. Snyder's formula for the mean number of 
transactions necessary to solve each stage , s = t/s » 1 , 
becomes s ^ = t j/ s j * 1 . 

Snyder's formula for the mean number of trials need- 
ed to solve the problem, or -ttie probability of a correct 
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response occuring, v/as S = S/T = 1 . This formula was re- 
defined to read Sj = Sj/Tj =1. The synbol -S^-' is the 
munber of infomatiori items referred to by the student, 
not the number of trials permitted (as in Snj'der's orig- 
inal expression). The symbol "Tj*' is the niraber of 
trials necessary to achieve a correct solution by the 
student, not the number of successful trials (as in 
Snyder's original expression). 

Description of the Task 

All subjects ifere given the follov/ing genetics prob- 
lem. The genetics problem vms structured after the form 
used in L. H. Snyder ( 19^:5) and L. H. Snyder and David 
(1953). The problem \;as witten as follows: 

In laan, tkie occurence of normal skin 
color is due to a gene (N). The occurence of 
olbinisra, or lack of skin color, is due to a 
gene (n). A homozygous noraal uaa marries a 
homozygous albino vw>man. ^?hat are the geno- 
ty^?es of these people' 

/J.1 grot^s were asked to select the correct answer 
from the follow.i.ng t\/o columns; 

The Ilan The Vonian 

a! 

n n 

Jto nn 

Tlie order of the letter syabols followed the convention 
of listing the dominant gene (capitalized) first. :!o 
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restrictions v:ere 'placed on any of the groups as to the 
nuiiber of trials they vere i«ernitted to make in order to 
select a correct ans^/er. 

This genetics problem, providing 10 ans\;er choices, 
vas selected in order to discourage random guessing on 
the part of the subjects. The 10 answer choices taken 
2 at a time produced a probability of selecting a cor- 
rect ansi./er of only 1 in 45 trials by guessing; or, the 
nrobability of a correct answer occuring by chance is 
0.02. It is assumed that the student voxxld rather read 
the hints and go nore directly to the ansirer than try 
all possible combinations of the 10 items. 

The number of inforuiation items available to the 
short sequence group was determined by selecting "ihe 
critical words in the problem. "Critical" words, words 
having ^critical properties", \fere selected as 'britical- 
on the bssis that if the subjects did not Iciow rheir 
weaning they would not be able to arrive at a correct 
answer. These selected critical elements were used to 
construct four 'critical information items' (hints). 
The infor.,iatlon items in the fovir-hint set, or short set, 
for both the Ilandatory Reading Four-Hints Group and the 
Free Selection Four-Hints Grou^ (see below - 'Description 
of Task Groups") were as follows: 

1. Genotypes are the letter symbols that 
indicate vAiich genes are present. 

2. Genes are represented by letter syiabols. 



3. 



Genes occur in i^airs. 



•Homozygous' neans all genes for a given 



characteristic are the same. 



The choice of these four statements as being 
■critical" v/as supported by consultation with a high 
school biologj'^ teacher and a college professoT-, both 
having experience teaching genetics in their biology 
classes » 

A second set of infomation iteas, the long set, 
vas created by alternating the above items v;ith four 
•noncritical « items. -Noncritical ' items \/ere formed 
by defining or making a short statement about v/ords from 
the problem which were ryot considered necessary to the 
solution or v/ere already defined in the problem. The 
four "noncritical^' items were as follows: 

1. ''!Iormal'' means the average appesurance of a 
characteristic . 

2. "Occurence" means an organism will have 
and display a physical characteristic. 




3. ^'T« is a sjTBbol representing a single 
gene for normal color. The symbol "n' 
represents e single gene for albinism. 

4. Albinism is the laclc of skin color. 
Tliis produces a very v^ite to pink 
appearance. 

The four 'noncritical" itcims along with the four 
"critical items*' were read as hints by the Free Selection 




Dight-H.lnts a-id Laudatory Reading Eight-Hints groups. 

The choice of these four statements as being "non- 
critical'' v;as also su->ported by consultation vrith the 
same hi^ school teacher and college professor that 
judged the "critical" statements. 

All information items were called "hints- during 
the experiment. The function of the hints v/as to enable 
the Ss to interact witli the machine in order to obtain 
transactions between the student and ''teacher'. 

Description of the Machine 

The purpose of the machine \ms two-fold. In the 
pilot and main studies, the machine was used to uniform- 
ly present the problem, inst" jtions and information 
items to all subjects in a given group. The use of the 
machine eliminated variation which may have occured due 
to^-aJLive teacher's presentation. T1ieus^^nd..purpose 
for using the machine was to record data. Recording data 
by the machine eliminated the possibility of inaccuracy 
due to visual observation, editing of behavior, and 
interpretation of stud^ts' responses on the part of the 
teacher-researcher. (In prior studies, the resesu?cher 
functioned simultaneously as an observer and teacher. In 
this study, the researcher functioned only to present the 
machine operation instructions . ) 

The machine v/as designed to present the problem and 
hints upon demand. The problem aiid information items 



were ta >eC. be:ieath doors on the operations penel. Jf/hen 
e student recC- the probler.1 or any of the iiifoniation 
items he had to open a door. 'Tien the door v/as opened, 
a stylus on the polygra'ih portion of the inachine v/as 
activated. 

To select an aiis\rer, the student had access to 10 
ans\7er choices. The answer choices vere './ritten on 
-;,lugs. The aiisv/er choices remained visible at all times. 
Vhen the students selected an ans\/er they removed the 
T)lug from its original position on the panel and placed 
it in one of the tvra ••Try Yt»ur /jisver Position" recerv- 
tacles. Zoth of these actions, reuoval and insertion, 
activated styli on the polygraph. The polygraph record- 
ed the events on a moving pa^^er. 

The two "correct ansv/er" plugs were constructed so 
that when they concurrently occupied both of the =*Try 
Your :^3\fer Position- receptacles they activated a cor- 
rect answer-' stylus. The -correct ans^fer- stylus v/as 
also connected to a 'correct ansvrer ' light switch. The 
stylus simultaneously recorded the answer and signalled 
the subject that he achieved a correct answer. 

Thus» in terms of recording, the laachine v/as design- 
ed to record v*ien the student began and xfteia. he finished, 
\7h9-i and how nany tlries he re.Terred to the problem, \^ich 
hints he read and the order in which he read them, vrhlch 
answers he atteny)ted, ho\T many times he tried a given 
choice, hov many choices he made, and the relationship 
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of the order and niu'iber of choices made to the reading 
of the problem e:id hints. Fi-.ially, the machine vrauld 
automatic ally co^ifim^a correct a:is\/er, thus signalling 
the subject that he had completed the task. 

Selection of Subjects for the Study 

Subjects for the study v/ere obtained from three 
rennsylvania Schools; the Upper Perkionen School Dj.strict 
(in ilontgomery County, PennsylvaniSt^^^ie Juniata Joint 
rJchool District (in Juniata Counter, Pen:isylvania) , ana 
the Daniel Boone Area School District (in Berks County, 
Pemisylvania) . The three schools vrere chosen because 
of their accessibility. Also, their geographic separa- 
tion increased the plausibility of generalizing beyond 
one school district. 

Sijcth grade uas chosen because children at this age, 
11 (Stone and Church, 1957), are in the beginning of the 
formal operations stage of cognitive development. 
Penner aiid ilagan (1963) state that the Piagetian formal 
operations stage occurs betv/een the ages of 10 and 1A. 
Piltz and Sund (1968) rer)ort the stage occurs betireen 
11 and 15. iJLthougli it may not be possible to define 
a specific age for the onset of the formal oi-erations 
stage of develo^oent, the choice of sixth grade places 
the students toward the beginning of the stage in both 
interpretations . 

The selection of students in the early part of the 
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formal operations stage exihanced the internal validity 
of the study by reducinc the practice effect of the 
students having solved problems similar to the task in 
this study. Also, the subjects' familiarity vfith mater- 
ial similar to the experimental task was considered nil 
since the subject of biology for this and earlier grades 
in the participating schools did no-*- include formal 
genetios problera-solvj.ng exerci it was therefore 

assumed that a formal ge\ietics problem was a suitable 
task for this study. 

The choice of si^cth grade was also considered 
reasonable because th'i students in the sixth grade should 
have developed the -■'-^addn,t skills necessary for reading 
the problem and infurmation items in the task. (Bloom, 
1964). 

Therefore, sixth grade students were considered to 
have the basic skills necessary for the performance of 
the task. They were also considered to have no prior 
experience with the genetics problem used in this study. 
Thus, they were suitable for this research. 

The pilot study, consisting of thirty- three subjects 
provided data to substantiate these assumptions. 

One hundred t\irenty sixth-grade students were re- 
cruited for the wain study. The students' teachers were 
instructed to select boys and girls ir an alternate 
order. The students were sent one at a time to an isor 
latod rooii where the task v/as presented by the machine. 



In order to reduce selection bias, the teachers vrere 
not to3.d the order of the task arrangements being pre- 
sented, nor did the researcher influence the teachers' 
selection of specific individuals. Also, in order to 
rc ace selection bias and insure randomness, the task 
arrangement v/as changed every five students. The four 
task arrangements were administered t\/ice in each schopl. 
The order of the first set of four task changes in each 
school was determined by assigning a number from one to 
four to the four task arrangements. /- table of random 
numbers (Rummel, 1964) was then used to order the first 
four task changes. The order of the second set of foui*^ 
task changes was a duplication of the first set. There- 
fore, randomness was achieved by randomly assigning the 
task to the subjects. Both Ruimnel (1964) and Siegei 
(1956) state that either the subjects or the treatments 
may be assigned to the task groups. 

The above procedure resulted in the separation of 
the students into four groups consisting of 30 subjects 
each. Each task group contained equal nunbers of 
students according to sex (five boys and five girls from 
each of the three schools). Equal numbers of students 
bet\ireen schools were maintained as a precaution against 
the occurence of extraneous effects due to possible dif- 
ferences between schools. The total of 120 subjects and 
the arrangement of these subjects in task groups of 30 
subjects each was determined prior to the study by a 
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convention: Ruim-iel (195^0 states that 30 sub;5ects per 
group Is an adequate nuiaber of observations for experi- 
raental or control groups. 

Description of Task Groups 

One hundred tv/enty si:tth-grade students (Ss) recruit- 
ed for the study v;ere divided into four groups of 30 Ss 
each. Tv;o of the groups, groups FS3 and I US, received 
long sets of inforraation iteias (3 hints). Tvro of the 
groups, FS4 and 1114, received short sets of information 
items (4 hints), ^rith two exceptions, the instructions 
for perf onaing the task and operating the machine were 
the same for all groups. Groups FS3 and FS4 were given 
freedom to select information items in any order. These 
two groups v/ere called the 'Free Selection-' groups (ab- , 
breviuted FSB and FS4 depending upon the number of hints 
available to the group). Groups 1318 and mh were ins- 
tructed to read "ttie information items in consecutive 
order. These two groups were called the ''Ilandatory 
Reading"' groups (abbreviated I1R4 and IIR8 depending upon 
the number of hints available to the group). The ele* 
ments, "TIendatorj'- Reading- and -Free Selection^', were 
considered to represent -learning structure'* in this re- 
search. 'Learning structure' was referred to as the 
aniount of teacher- dictated problem- solving procedure. 
The mandatory reading groups were thought of as represent- 
ing a pre- arrangement to the conditions for learning 
(Gagne, 1965). 
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To atteupt to ans\;er the questions posed in the 
subproblems, results from the task groups were pooled. 
Results from groups FS8 and I.IRO \/ere pooled as one group 
Results from groups FS4 and MR4 v;ere pooled as one group 
These two sets of groups were then coiin^ared to test the 
effect of the amount of information available to the 
groups. As a test of the effects of 'learning structure 
resiilts from groups FS8 and FSU were pooled as one group 
Groups ITIS and iiR4 were pooled as one group. Results 
from these two sets of groups v/ere compared to each 
other. 

Findings of the Study- 
Testing of the subjects occured during the months 
of January through April of 1972. The genetics task 
was presented to the subjects by a researcher-construct- 
ed machine. Students' responses to the task were record 
ed by the machine. Verbal expressions of the students 
were tape-recorded. 

r-To students were found to be sufficiently distract- 
ed by the machine sounds, or school sounds to warrant 
the subjects' removal from the data pool. The novelty 
of the task situation and its electrical contrivances 
were not considered a cause of distractions which v/ould 
influence the subjects* responses to elements of the • 
task. Students' responses to questions posed by -Uie 
researcher, at the conclusion of each test session, 
supported this assumption. 



Determiiiation of Task Groun Equivalence 14 
The design of the study controlled possible error 
due to extraneous variables: sex, age, intelligence 
level of the subjects* Control was achieved by randomly 
assigning the task to the subjects* Random assignment 
of the task was assumed to effect a imiform distribution 
of individual differences ai.iong task groups. As a check 
on the validity of this assumption, data were collected 
relative to the extraneous variables listed above. An 
equal distribution of boys and girls was maintained in 
all task groups. Analysis of variance computations in- 
dicated no significant differences among task groups in 
the variables age, achievement level, and intelligence 
level . 

These findings londer 'Determination of Group Equi- 
valence support two assumptions underlying the design of 
the research: (1) random assignment of the task to the 
subjects, resulted in random and uniform distribution of 
individuals • special attributes; and (2) potential error 
in treatment effects due to differences among schools 
was controlled by (a) random assignment of the task to 
the subjects, and (b) the maintaining of equal numbers 
of subjects .fron each school in task groups. 

Analysis of -Uie Task 

Three variables were examined in order to support 
the initial assumption: the genetics problem as describ- 
ed would be suitable task for this research. The vari^ 
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ables coiislclered ^'ere: (1) nuiabers of students obtain- 
ing a correct response, (2) the time spent in performing 
the task, and (3) the frequency v-ith which the subjects 
selected ar)ecific hints. The comuted Chi-square statis- 
tic indicated no significant differences between task 
groups in nuiiber of subjects scored correct, the tiae 
needed to perform the task, and the frequency of hint 
selection. 

One of the initial assumptions for the study vras 
that the choice of the genetics problem would reduce 
random selection of answer choices by the subjects. If 
subjects selected random pairs of answers from the 10 
answer choices (45 pairs) available, a profb.il Lty of 
1 correct ansv/er in 45 trials or, p = 0.02;r should 
result. 

The assumption described above was tested by conrput 
ing the ratio of the number of correct answers to the 
number of trials by the subjects who obtained a correct 
ansxirer. The number of trials by these 90 subjects was 
1,600. The ratio of correct answers to trials produced 
the probability of a correct answer occuring. The prob- 
ability obtained was p = 0.056. Instead of achiev 1 
correct answer in 45 trials as predicted for random 
selection, the subjects \fere obtaining 2.534 or almost 
3 correct answers in 45 trials. These data support the 
use of the genetics problem with 45 pairs of answer 
choices possible, since the random occurence of correct 
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answers on the part of the subjects was not obtained. 

The objective of the hint selection analysis was to 
determine v;hether the subjects were selecting hints at 
random; or, vAiether the or4er of the hints, or the use 
of some strategy on the part of the subjects influenced 
hint selection. 

The chi-square test indicating no significant dif- 
ferences aiiiong the number of times individual hints were 
selected suggested that the subjects in the task groups 
were not selecting hints at random. The order of the 
hints and/or some strategy employed by the subjects raay 
have influenced the subjects' selection of individual 
hints . 

As assumed prior to the study and reported by Bloom 
(1964), the findings also indicated the subjects had • • 
developed the reading skills necessary to perform the 
task. The findings showed the students were able to 
solve the problem, and, the occurence of a correct solu- 
tion was due to the subjects* actively attem^jtirtg to - ; 
solve the problem. 

The findings under '/-nalysis of the Task= seen to 
indicate the subjects had progressed to the Piagetian 
for:tial operations stage of development. However, even 
though the subjects were able to solve a complex problem 
with greater frequency than random occurenco, it Js, 
questionable that they employed higher cognitive powers 
than trial and error reasoning. Students' verbal 



17 

responses to the researcher's questions, after the con- 
clusion of test sessions, indicated they employed the 
strategy of eliminating single-letter choices by trial 
and error. After the elimination of these single-letter 
choices, the subjects claimed to be able to associate 
the letters '^I- and 'n=', as given in the problem, with 
the appropriate ansv/er pair. If this was the case, the 
subjects were employing the strategy of trial and error 
coupled with a cognitive connection provided by the hint, 
■genes occur in pairs. • 

However, the data sheets do not substantiate the 
students' verbal description of the sequence of events 
leading to a correct solution. Data sheets from the re- 
cording portion of the machine indicate many students 
did eliminate the single-letter choices at the beginning 
of their test session, only to return to those choices 
at a later time or continue numerous trials and hint 
readings suggestive of a trial and error procedure. 
Since the data sheets preserve a record of the sequence 
of events but not the reason for the events, the data 
remain inconclusive. Research should be conducted to 
accurately determine the strategy euraloyed by the students. 

The findings that the subjects actively attempted 
to achieve a correct answer and were able to correctly 
solve the problem supported the 'decision to conduct the 
study in the sixth grade. Also, the choice of the genet- 
ics problem as a suitable task was supported. 
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Findings Related to the ilain Problem 

The investigation of Snyder's 1960 prototheory of 
instructional efficiency applied to a genetics problem- 
solving situation was conducted in t%fo parts. •Part 
One of the Problem was a test of the equivalence of the 
revised foruula, = tj/sj, to Snyder's 1968 forniula 
for the mean nuiaber of transactions needed by a teacher- 
student dyad to solve the stages of a problem; or, 
% = t/s = 1. =Part T\'/o of the Probl3m = was a test of 
the equivalence of the revised ratio ^ = ^i^*^!' *** 
Snyder's 1968 fonaula for the mean nj aber of trials 
needed by a teacher- student dyad to solve a problem; or, 
§ = S/T « 1 . Zach of the two parts to the problem were 
evaluated by using tvfo tests: (1) a test employing data 
obtained from all subjects involved, and (2) a test 
employing data only from subjects vAio achieved a correct 
ans^/er to the task problem. 

In addition to the two parts to the problem describ- 
ed above, three subproblems were investigated! (1) the 
effect of the nuaber of information items contained in 
the variations of the task, (2) the effect of the amount 
of learning structure ■ contained within the problem- 
solving situation, and (3) the prediction that the most 
efficient task group would be the group e:q)Osed to the 
least amount of 'learning structure," and, having access 
to the lovrest number of information items. 
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FjLnding^s ojf Part Ottje of the Problem Te,st J)ne the 
'^ai}^iX The values for Sj for each of • 

the task groups were computed using data from all subjects 
involved* The computed values for s^ were compared to 
Snyder's (1968) prediction, s = 1. The computed values 
for were also used in an attempt to order the task 
groups from highest to lowest in efficiency. The obtain- 
ed values for were not found to be equal to Snyder's 
predicted value for s, nor was it possible to order the 
task groups from highest to lowest in efficiency by using 
the computed values for S^. These data suggest that 
when data from all students are included in the computa- 
tions of Sj, is not equivalent to Snydter's S. 

The early studies of Shaw (1932), Lorge and Solomon 
(1955) I Restle (1962), and Koppe (1962) attempted to des- 
cribe group problem- solving behavior. These early stud- 
ies retained data obtained by subjects v^o did not 
achieve correct ansv/ers to the task problems. The 'in- 
correct*^ subjects were included in their studies since 
an individual scoring incorrectly on one trial or stage 
of the problem could contribute information to otiier 
persons in the group. Also, the person who was incorrect 
on one attempt could be correct on a later attempt. Thus, 
the interaction of all individuals contributed to the 
group's ability to solve a problem. 

In the present study, subjects were not permitted to 
interact with one another. Subjects vrtio could not obtain 
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a correct answer contributed nothing to the group's 
ability to solve a problem. Therefore, a computation of 
using data from all individuals including those scor- 
ed 'incorrect" neither supports nor refutes the early 
studies mentioned above. However, Snyder's pro to theory 
indicated that only subjects reaching criterion were 
included. The suggestion that subjects who do not at- 
tain a correct answer contribute nothing to group suc- 
cess substantiates the decision to include only subjects 
vrtio scored "correct = in the second test of the applic- 
ability of to Snyder's s. 

Findings of Part ^e of^.Ml^S^.ISPMP^'-^^i^'^P-t^^^ 
E^iy^ence^ot_^i^d^t^» The values for s^ for each of 
the task groups were computed using data from only those 
students who obtained a correct answer to the problem. 
The computed values for s^ were compared to Snyder's 
value for S as described in -'Test One-' above. It was 
found that the computed values for %^ do not equal -'one-' 
as predicted for Snyder's i. However, the ordering of 
the task groups from highest to lowest in efficiency was 
the same as the order produced by ranking the groups 
according to the mean number of transactions. These 
data suggest that ythen data obtained only from students 
achieving a correct answer are employed in the computa- 
tion of ij is equivalent to Snyder's i. 

The finding that the computed values for %j in both 
tests under Part One of the Problem" do not conform to 
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Snyder^s (1968) prediction for s; or, s 1, does not 
provide sufficient evidence to reject the equivalence 
of the two ratios. Snyder (1968) states the value, 
s = 1, may be an ideal state, not attainable in actual 
practice. Therefore, s^ cannot be entirely judged by 
the criterion, s = 1. 

The ability of s^ to order the task groups from 
highest to lowest in efficiency was a more realistic 
test of the comparability of and The success of 
Sj in the second test under -'Part One of the Problem*' 
can be seen in the homologous nature of the elements 
composing Sj and s. Vhen applied to an instructional 
situation , the factors, t and s, of Snyder's expression, 
s = t/s = 1, can be seen to be similar to the factors, 
tj and Sj, of the revised ratio, Sj ^ ^i/^i* 'the 
assumption is made that a stage (s) in a problem- solving 
situation consists of one '^information item available ' 
(sj) then s and are the same. Also, if a transaction 
(t) can be considered as one item of information refer- 
red to'' (tj) then t and tj are the same. Therefore, ^ 
and may be considered equivalent. 

Findings of Part Two of -aie Problem - Tes t One, t he 
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Equiveaence o f S and S . For the first test under ***Part 



Two of the Problem," the values for S^ were coiiqmted 
using data obtained from all subjects involved in the 
study. The computed vedues for %^ were compared to 
Snyder's S; or, § = 1. Also, an attempt was made to 
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order the task groups from highest to lowest in effi- 
ciency by using the obtained values for Sj. It was 
found that the computed values for approached the 
value "one*' but none were equal to "one". Also, the 
ordering of task groups from^ highest to lowest in ef- 
ficiency was not possible by using; the computed values 
for Sj. These data suggest that when data obtained from 
all subjects are included in the computation of Sj, Sj 
is not equivalent to Snyder's 

lyjidinjgs of fS^TtJ2^p_pt_i;^e^ VvobZ^am ^- JTest. .Two^,^ the^ 
Eguiv^^^ The second test under ^'Part 

Two of the Problem* utilized data obtained only from 
those students who achieved a correct ai^swcr to the prob- 
lem. The values for ware computed for all task groups 
and compared to the values for Snyder* s S; or, S = 1, as 

A 

described under ''Part Qne''# The values for Sj were found 
to be less than the value ^ono^ as predicted for S. Also 
the ordering of the task groups from highest to lowest 
in efficiency was not possible by using the computed 
values for S^. These data suggest ttiat is not equi- 

A 

valent to Snyder's S. 

In both tests under "'Part Two of the Problem'-, tiie 
findings what the computed value for S^ does not equal 
the value predicted for Snyder's ^; or, § = 1, does not 
provide sufficient evidence to reject the equivalence of 
the two ratios* Snyder (1968) states the value "one*' 
may be an ideal state not attainable in actual practice. 
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Therefore, Sj cannot be entirely judged by the criterion, 
S = 1. 

A 

A more serious fault was the failure of to enable 
the ordering of the task groups from the highest to low- 
est in efficiency o This error in was attributed to 
the lack of homology between factors composing Sj and S. 
When applied to an instructional situation, the factors, 
S and T, of Snyder's expression, S = S/T = 1 , are not 
homologous with the factors, Sj and T^, in the revised 
expression, = Sj/Tt. The number of trials permitted, 
or S, could not be construed to have the same information 
value to the student as Sj, the number of information 
items referred to by the student. 'Teither could the 
value of Tj, the number of trials necessary to achieve a 
correct solution, be compared to T, the number of suc- 
cessful trials. In the present study, the value of T 
for any subject achieving a correct solution was "one" 
in all cases. The value of Tj was any value from one 
to as many trials as the subject could effect in 15 

A A 

minutes. Therefore, the equivalence of Sj and S was 
rejected. 

Findings of SubErpblem NiMberJ^tte^. Two statisti- 
cal tests were conducted to determine the effects of 
the number of infonnation items contained in a problem- 
solving situation. 

For the first test under "Subproblem Number One," 
data obtained from students who achieved a correct 



24 

answer were included. The number of transactions ob- 
tained by the eight-hlnx and four-hint task groups were 
compared by the chi-square statistic to an equal dis- 
tribution of transactions between task groups. 

For the second test under ^'Subproblem Number One,"' 
only data from subjects scored ''correct*' were included. 
The t-test for a difference between means was employed 
in the comparison of the number of transactions obtained 
by the two sets of task groups, the eight-hint and four- 
hint groups. 

The computed values for chi-square and t indicated 
no significant difference existed betv/een the number of 
transactions obtained by the two sets of task groups. 
Therefore, the number of information items available 
was found to have no effect on the number of transactions 
obtained by the two sets of task groups. 

Walker and Bourne (1961), Dicker son (1970), and 
Clark (1971) indicate that an increase in the number of 
critical properties presented to the student facilitates 
concept attainment. The findings of these studies were 
supported by the findings of the present study. There 
were no differences in the member of transactions among 
task groups; no differences in the amount of time used 
in performing the task; and, no differences in the number 
of subjects obtaining a correct response to the problem. 
These findings may be the result of the effect of the 
number of critical" information items available to the 
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to the subjects. All task groups had access to the same 
four "critical" hints. Two of the groups had access to 
an additional four 'noncritical" hints. The^'efore, 
since performance was the same and since task groups 
had access to different numbers of hints yet had access 
to the same set of critical hints, the total number of 
hints available to the task groups had no effect on the 
performance of the subjects. 

FiiTyiiryg;s j5f_^ Number.,Two. Two tests were 

conducted to determine the effect of the amount of 
"l^,aming structure ' contained in a problem- solving 
situation. 

For the first test under -'Subproblem JTiMber Two," 
sub.jscts who acnieved a correct answer and subjects who 
did not achieve a correct answer v;ere included. The 
number of transactions obtained by the mandatory read- 
ing task groups (IIRB and I2R4) and the number of trans- 
actions obtained by the free selection task groups (FS8 
and FS4) were compared to an equal distribution of trans- 
actions between task groups by the chi-square statistic. 

For the second test under ='Subproblem Number Two," 
only data obtained from subjects who obtained a correct 
answer were employed in the t-test for differences among 
mean number of transactions obtained by the free selec- 
tion groups and the mandatory reading groups. 

The computed chi-square and t-values indicated no 
significant differences between the means of the two 
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sets of task groups. Therefore, the number of transac- 
tions obtained by the free selection task groups and the 
mandatory reading task groups was not affected by the 
amoimt of ''learning structure'' employed. 

Lutz (1970) found the task group having the least 
amount of imposed structure, -'learning structure,*' per- 
formed better than groups having greater amounts of 
•'learning structure''. Clark (1971) indicated that a 
focil^lng of the subject, or an increase in ''learning 
structui^" facilitates learning. The findings of this 
study supported neither position. No differences were 
found among groups subjected to variations in ''learn- 
ing structure". Group performsnco was the same in terms 
of number of transactions, nxomber of students obtaining 
the correct answer, and amount of time needed to per- 
form the task. 

Findings of Subproblem Nxomber Three. The predic- 
tion that the most efficient task group would be the 
task group exposed to the least amount of ^'learning 
structure," and, the group having access to the lowest 
number of information items was tested. Task group FS4 
was predicted to be the most efficient under the above 
assumptions. Two comparisons of the task groups were 
effected: the task groups were compared to one another 
by their computed values for S-.; and, compared to one 
another by their respective mean number of transactions. 
'Teither comparlsoh substantiated the prediction. Task 



27 

group FS4 was net shown to be the most efficient group • 
This finding was supported by the findings of subprot- 
lems One and TH/o; both subproblems providing evidence 
to show no significant difference in the number of trans- 
actions obtained by the task groups. 

Summary and Implications of the Research 
The main problem studied in this research v/as to 
determine whether Snyder's 1968 description of instruc- 
tional efficiency was applicable to a genetics problem- 
solving task. The approach of the investigation was 
to determine whether revised ratios, Sj and Sj for 
Snyder's 1963 measures of instructional efficiency, s 
and S, were equivalent. The findings partially support- 
ed the applicability of Snyder-s 1968 prototheory to a 
genetics problenJ- solving situation and partially sup- 
ported the use of xhe revised ratios. Support for the 
prototheory was found in (1) the use of the transaction 
as a unit of measure for describing task group perfor- 
mance, and, (2) in the suggested equivalence of Sj to 
Snyder's s. 

Pew generalizations were possible as a result of 
this research. Results of the subproblems indicated no 
significant differences among task groups compared among 
the variables; the number of information items available f 
and amount of "learning structure-' contained within an 
instructional situation. The implications of the sub- 
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rroblons arc that tho nuiabv^r of information items wr.s 
not as important to the o>)timal performance of the 
student as was tho quality of the information. Also, 
tho "learning structure" imposod by the teacher was not 
as important as the strategy employed by the student. 
The findings of this study indicate that the number of 
information items and the instructional strategy, ''iGam- 
ing structure," imposed by the '^achGr" had no effect 
on the performance of the subjects. The subjects seamed 
to adopt "their own-' strategy and find "'their own" set 
of ''critical" information items. 

The most important result of this research was the 
suggested equivalence of the ratio, s^ = t^/Sj: as a 
measure of instructional efficiency, to Sryder's 1963 
ratio, s = t/s. This finding supports the notion that 
Snyder's 1968 prototheory of instructional efficiency 
may be applied to formal problem- solving situations. 
The equivalence of k and opens new avenues of research. 
If the equivalence of s and Sj are substantiated by 
future research, the use of s^ as a measure of instruc- 
tional efficiency will enable the study of the applic- 
ability of Snyder's prototheory to instructional sit- 
uations where the computation of Snyder's S is not pos- 
sible. Thus the most important result of this research 
was to increase the area in which tho investigation of 
Snyder's 1968 prototheory may be conducted. The ex- 
pansion of tho variety of situations in \rtiich Snyder's 
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1968 protothoory may be tested will permit more thor- 
ough analysis of the principles of the prototheory* 

An important result of this study not reported as 
a subdivision of the main problem was the successful use 
of the researcher-constructed machine. The successful 
use of the machine aided this research by reducing the 
number of uncontrolled independent variables. The study 
of student responses was free from error due to inconsis- 
tency or personal bias on the part of a live teacher- 
researcher. Snyder* s 1968 prototheory and subsequent 
studies were structured as attempts to describe the 
process of information exchange between the teacher and 
the student working in a dyadic situation. Snyder (1968) 
attempted to refine the techniques of the earlier 
studies of Shaw (1932), Lorge and Solomon (1955), and 
Hoppe (1962) by reducing group size to the dyad. Re- 
duction in group size can bo seen as an attempt to dis- 
sect the group in order to better xindorstand the nature 
of its parts - the teacher and the student. The use of 
a machine as described in this study in place of the 
teacher or student enables a finer dissection of the 
group, and a selective and imiform examination of the 
groups* constituents. Thus, the use of a machine in 
place of the student or teacher in future research ex- 
pands the researcher's capability to refine the selec- 
tivity and reliability of the data collection process. 
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Pocommondations for Future Research 
The following rGCommendations are suggested to 
provide additional tests of Snyder's 1968 prototheory, 
extensions of this study, and investigations of the 
nature of information exchange between teachers and 
students • 

1. Additional studies should be undertaken to 
increase the generalizability of Snyder's 1968 proto- 
thoory to a greater variety of problems involving 
similar and more rigorous cognitive levels, 

2. Additional studies should be undertaken to 
increase generalizability of Snyder's 1968 pnotottf^ry.^ 
to subjects in a greater number of schools, an(f to 
subjects in a wide range of nge and educa-^,ional levels, 

3. Future research should be conducted to determine 
the validity of s and Sj as measures of instructional 
efficiency, 

4. Replication studies should be performed to 
determine the reliability of the equivalence of s and Sj 
as suggested in this study, 

5. Studies should be divised to Identify the im- 
prrtojice of the constituent elements of a problem-solv- 
ing situation. The importance of the information items 
to the solution of the problem should be studied. Also, 
the students' interpretation of the importance of the 
information items should be stuc^ied, 

6. Future research should directed at identify- 
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ing the strategies employed by students working at a 
variety of different problems and a variety of age and 
ability levels. 

I . Further definition of the transaction as a 
unit of measure of instructional efficiency should be 
considered for future research. 

8. The machine should be used in place of the 
student in research to determine the nature of the 
teacher's performance in a dyadic situation. 

9. The use of the machine, as described in this 
study, in place of the student or teacher, should be 
tested against situations in vrtiich efficiency is meas- 
ured for a dyad of live participants. 

10. The description and continued testing of the 
amounts of ''learning structure" should be more thorough- 
ly studied. 

II. Studies directed at the determination of the 
type and amount of infonration contained within a trans- 
action should be conducted. 

12. Optimization studies should be devised to de- 
termine the effect of xhe number of information items 
on a student's ability to solve a problem. 

13. Studies should be devised to clarify how much 
information is contained in an information item. 
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